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INTRODUCTION 

Prostate  cancer  is  the  second  most  common  cause  of  cancer  related  deaths  in  men,  with 
approximately  32,000  deaths  expected  annually  in  the  United  States  and  258,000  deaths  expected 
annually  worldwide  (1).  While  treatments  for  primary  prostate  cancer  patients  exist,  many  lead  to 
devastating  side  effects  such  as  impotence  or  incontinence  and  there  are  limited  options  for  patients 
with  advanced  disease  (2,  3).  Thus,  there  is  an  obvious  need  for  new  therapies  and  immunotherapy 
has  been  proposed  as  a  possible  solution.  The  ultimate  goal  of  cancer  immunotherapy  is  to  stimulate 
the  patient’s  immune  system  to  eradicate  malignant  tumors.  However,  the  use  of  cancer  vaccines 
alone  has  had  limited  curative  success.  A  highly  vascularized  tumor  microenvironment  being 
advantageous  for  tumor  growth,  lack  of  T  cell  homing  to  solid  tumors  and  tumor-mediated  immune 
suppression  if  the  T  cells  do  infiltrate  are  critical  barriers  to  achieving  complete  tumor  eradication  (4). 
Delta-like  Ligand  4  (DLL4)  and  EphB4  are  two  proteins  involved  in  angiogenesis  that  are  upregulated 
in  tumor  vasculature  and  tumors.  Their  expression  in  the  tumor  microenvironment  allows  specific 
targeting  by  antibodies  or  antibody  fragments.  Anti-DLL4  antibodies  target  the  tumor  vasculature  and 
have  been  demonstrated  to  induce  non-functional  angiogenesis  and  in  turn  reduce  tumor  burden  (5). 
Anti-EphB4  antibodies  target  EphB4  expressed  on  tumor  cells  and  likewise  mediate  tumor  cell  death 
(6).  LIGHT  is  a  costimulatory  molecule  that  we  have  recently  shown  inhibits  regulatory  T  cell  (Treg) 
mediated  immunosuppression  and  synergizes  with  prostate  cancer  vaccines  when  expressed  in 
mouse  prostate  tumors  when  delivered  intra-tumorally  (7).  Bispecific  fusion  proteins  that  engage  both 
the  tumor  and  T  cells  are  promising  candidates  for  cancer  therapy  because  they  guide  T  cells  to  the 
tumor  site  and  enhance  anti-tumor  immunity.  Expression  of  LIGHT  in  the  tumor  microenvironment 
through  DLL4  or  EphB4  antibody  targeting  is  a  novel  approach  to  modify  the  primary  tumor 
microenvironment  and  any  distant  metastases.  This  translational  project  proposes  the  development  of 
two  novel  bi-specific  fusion  proteins  -  a  single  chain  variable  fragment  of  a  DLL4  antibody  (scFv- 
DLL4)  fused  to  LIGHT  and  a  single  chain  variable  fragment  of  EphB4  (scFv-EphB4)  fused  to  LIGHT  - 
which  will  permit  targeting  of  LIGHT  to  highly  vascularized  and  advanced  prostate  tumors.  These 
fusion  proteins  are  expected  to  result  in  LIGHT  expression  in  tumors  converting  an 
immunosuppressive  tumor  microenvironment  to  an  immunostimulatory  environment.  Combining  this 
with  an  immunotherapeutic  prostate  cancer  vaccine  will  result  in  tumor  antigen  associated  (TAA) 
specific  T  cells  being  able  to  migrate  to  tumors  and  receive  costimulation  by  LIGHT,  and  avoid  T  cell 
inhibitory  mechanisms  such  as  Tregs. 

KEYWORDS 

•  Prostate  Cancer  •  Tumor  •  T  regulatory  cells 

•  Immunotherapy  Microenvironment  •  Fusion  proteins 

•  LIGHT 
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ACCOMPLISHMENTS 

Major  goals  of  the  project 


Specific  Aim  1:  To  produce  and  validate  scFv-DLL4-LIGHT  protein  and  scFv-EphB4-LIGHT  protein  for  in 
vivo  studies. 

Aim  1.1 :  Produce  a  sufficient  amount  of  scFv-DLL4-LIGHT  protein  and  validate 
product  for  in  vivo  studies. 

Months 

PI 

Status 

Task  1 :  Establish  a  stable  CHO  cell  line  for  scFv-DLL4-LIGHT  expression 

1-3 

Gill 

Ongoing 

Task  2:  Produce  and  purify  a  large  amount  of  scFv-DLL4-LIGHT  for  animal 
experiments 

4-6 

Gill 

Ongoing 

Aim  1.2:  Design  and  produce  a  sufficient  amount  of  scFv-EphB4-LIGHT  protein 
and  validate  product  for  in  vivo  studies. 

Task  1 :  Design  and  clone  the  scFv-EphB4-LIGHT  plasmid  construct 

1-2 

Kast 

Complete 

Task  2:  Establish  a  stable  CHO  cell  line  for  scFv-EphB4-LIGHT  expression 

4-6 

Gill 

Ongoing 

Task  3:  Produce  and  purify  a  large  amount  of  scFv-EphB4-LIGHT  for  animal 
experiments 

4-6 

Gill 

Ongoing 

Milestone(s)  Achieved:  Production  of  two  bi-specific  fusion  proteins  that  may  target  tumor  vasculature 
and  activate/recruit  T  cells. 

Ongoing 

Specific  Aim  2:  To  determine  the  efficacy  of  scFv-DLL4-LIGHT  and  scFv-EphB4-LIGHT  in 
TRAMP-C2  tumor  bearing  mice. 

Aim  2.1 :  Determine  the  dosage  and  duration  of  treatment  for  both  scFv-DLL4- 
LIGHT  and  scFv-EphB4-LIGHT  in  TRAMP-C2  challenged  mice  via  tumor  growth 
and  survival. 

Task  1 :  Obtain  IACUC/ACURO  approval  for  planned  mouse  experiments 

1-4 

Kast 

Complete 

Task  2:  Optimization  of  scFv-DLL4-LIGHT  and  scFv-EphB4-LIGHT  treatment 
schedule  determined  by  survival  and  tumor  burden. 

6-12 

Kast 

Pending 

Aim  2.2:  Assess  immunological  mechanisms  of  scFv-DLL4-LIGHT  and  scFv- 
EphB4-LIGHT  treated  TRAMP-C2  challenged  mice  and  elect  the  more  efficacious 
treatment. 

Task  3:  Induction  of  tumor  specific  T  cells  against  Tumor  Associated  Antigens. 

13-17 

Kast 

Pending 

Task  4:  Isolation,  frequency  and  phenotype  of  tumor-infiltrating  cells  (Thl ,  Th2, 

Tregs,  NK,  Thl 7,  MDSC,  macrophages). 

17-20 

Kast 

Pending 

Task  5:  Compare  the  intra-tumoral  cytokine  and  chemokine  profile  following 
treatment 

17-20 

Kast 

Pending 

Task  6:  Evaluate  Treg  functionality  post  treatment. 

17-20 

Kast 

Pending 

Aim  2.3:  Determine  whether  scFv-DLL4-LIGHT  or  scFv-EphB4-LIGHT  treatment 
in  combination  with  therapeutic  prostate  cancer  vaccine  can  induce  complete 
regression  in  TRAMP-C2  challenged  mice. 

Task  7:  Determine  the  most  optimal  vaccination  scheme  that  will  result  in 
complete  tumor  control  after  combination  treatment  in  TRAMP-C2  challenged 
mice. 

20-24 

Kast 

Pending 

Milestone(s)  Achieved:  IACUC/ACURO  approval.  Identification  of  the  optimal  dosage  and  duration, 
immunological  mechanisms  of  scFv-DLL4-LIGHT  and  scFv-EphB4-LIGHT  in  the  TRAMP-C2  challenged 
setting.  The  more  efficacious  fusion  protein  (based  on  survival,  tumor  burden  and  immunological 
mechanisms)  will  be  elected  for  further  testing  in  combination  treatments. 

Pending 
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Specific  Aim  3:  Determine  whether  scFv-DLL4-LIGHT  or  scFv-EphB4-LIGHT  treatment  in 
combination  with  a  therapeutic  prostate  cancer  vaccine  can  induce  complete  regression  of 
primary  and  advanced  prostate  tumors  in  the  TRAMP  model. 

Aim  3.1 :  Determine  survival  and  tumor  burden  of  primary  prostate  tumors  in  the 
TRAMP  model  after  combination  treatment. 

Task  1 :  Examine  survival  and  tumor  burden  in  combination  treatment  with  MPSP 
TriVax  and  the  elected  bi-functional  protein  in  primary  prostate  cancer  (determined 
by  Aim  2). 

24-31 

Kast 

Pending 

Aim  3.2:  Determine  survival  and  tumor  burden  of  primary  prostate  tumors  in  the 
TRAMP  model  after  combination  treatment. 

Task  2:  Examine  survival  and  tumor  burden  in  combination  treatment  with  MPSP 
TriVax  and  the  elected  bi-functional  protein  in  advanced  prostate  cancer 
(determined  by  Aim  2). 

31-36 

Kast 

Pending 

Task  3:  Prepare  and  submit  manuscript  for  publication. 

35-36 

Kast/ 

Gill 

Pending 

Milestone(s)  Achieved:  Efficacy  of  the  elected  bi-functional  protein  in  combination  with  MPSP  TriVax  will 
be  determined  in  primary  and  advanced  disease.  Manuscript  submitted  to  high  impact  journal. 

Pending 

Accomplished  goals  during  reporting  period 

Aim  1.1  -  Produce  a  sufficient  amount  of  scFv-DLL4-LIGHT  protein  and  validate  product  for  in  vivo  studies: 
Details  of  the  expression  vector  are  detailed  below. 


ATMRVPAQLLGLLLLWLPGARCDIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIYSASFLYSGV 
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYTGTVTFGQGTKVEIKREGGGGSGGGGSGGGGSGGGGSEVQLVES  I 

GLVQPGGSLRLSCAASGFTFTDNWISWVRQAPGKGLEWVGYISPNSGFTYYADSVKGRFTISADTSKNTAYLQMNSLRAE 

DTAVYYCARDNFGGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSRSHQANPAAHLTGANASLIGIGGPLLWETRLG 

LAFLRGLTYHDGALVTMEPGYYYVYSKVQLSGVGCPQGLANGLPITHGLYKRTSRYPKELELLVSRRSPCGRANSSRVWW 

DSSFLGGWHLEAGEEVWRVPGNRLVRPRDGTRSYFGAFMV 

Color  Legend: 

Secretion  signal 

D114  Ab  Light  chain  variable  region 

D114  Ab  Heavy  chain  variable  region 

Mouse  Light  (R85-V239) 
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Expression  vector  was  sequenced  for  accuracy  and  expressed  transiently  in  CHO  cells  to  confirm  the 
expression.  Purified  protein  was  tested  for  binding  to  DII4  to  ensure  that  the  fusion  protein  will  bind  to  the  target 
cells.  Target  cells  include  tumor  vessels  that  highly  express  DII4  while  the  normal  tissue  vessels  do  not 
express  DII4.  Expression  vector  was  then  introduced  in  CHO-S  suspension  cells  in  chemically  defined  medium 
and  a  stable  cell  line  was  established.  In  order  to  ensure  that  the  CHO-DII4-LIGHT  is  stable,  we  are  currently 
passaging  the  cell  line  and  testing  for  the  sustained  expression  of  the  fusion  protein.  Thirty  passages  are 
typically  examined  to  ensure  the  stable  expression.  Once  completed  an  expanded  culture  will  provide  bulk 
protein  for  purification  and  conduct  of  proposed  aims. 


Task  2:  Produce  and  purify  a  large  amount  of  scFv-EphB4-LIGHT  for  animal  experiments. 

Results:  We  have  generated  the  expression  vector  to  express  a  fusion  protein  of  single  chain  EphB4  antibody 
and  LIGHT  as  outlined  below. 


RVPAQLLGLLLLWLPGARCDIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSGSGTDFTLTISSLQP 

EDFATYYCQESTTTPPTFGQGTKVEIKRGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGFSISNYYLHWVRQAPGKGLEWVGGI 

YLYGSSSEYADSVKGYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARGSGLRLGGLDYAMDYWGQGTLVTGGGGSGGGGSGGGGSGGGGSRS 

HQANPAAHLTGANASLIGIGGPLLWETRLGLAFLRGLTYHDGALVTMEPGYYYVYSKVQLSGVGCPQGLANGLPITHGLYKRTSRYPKELELLVSRRSP 

CGRANSSRVWWDSSFLGGWHLEAGEEVWRVPGNRLVRPRDGTRSYFGAFMV 

Color  Legend: 

Secretion  signal, 

EphB4  Ab  Light  chain  variable  region 

EphB4  Ab  Heavy  chain  variable  region 

Mouse  Light  (R85-V239) 

Expression  vector  was  sequenced  for  accuracy  and  expressed  transiently  in  CHO  cells  to  confirm  the 
expression.  Purified  protein  was  tested  for  binding  to  extracellular  domain  of  EphB4-Alk  Phos  to  ensure  that 
the  fusion  protein  will  bind  to  the  target  cells.  Target  cells  are  primarily  prostate  cancer  and  some  tumor  vessel 
endothelial  cells.  Expression  vector  was  then  introduced  in  CHO-S  suspension  cells  in  chemically  defined 
medium  and  a  stable  cell  line  was  established.  In  order  to  ensure  that  the  CHO-DII4-LIGHT  is  stable,  we  are 
currently  passaging  the  cell  line  and  testing  for  the  sustained  expression  of  the  fusion  protein.  Thirty  passages 
are  typically  examined  to  ensure  the  stable  expression.  Once  completed,  the  expanded  culture  will  provide 
bulk  protein  for  purification  and  conduct  of  proposed  aims. 
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Task  3:  Produce  and  purify  a  large  amount  of  scFv-EphB4-LIGHT  for  experiments 

Fusion  protein  purification  is  underway  using  size  exclusion  chromatography,  and  ion  exchange 
chromatography,  and  hydroxyapatite.  Protein  mass  will  be  measured  by  SDS  using  non-reducing  conditions. 
Potency  of  the  protein  is  measured  by  ELISA  based  soluble  DII4  and  soluble  EphB4  binding.  These  studies 
have  been  done  in  proteins  expressed  in  transient  expression  system 

Status:  we  are  expanding  the  cell  line 

Aim  2.1  -  Determine  the  dosage  and  duration  of  treatment  for  both  scFv-DLL4-LIGHT  and  scFv-EphB4-LIGHT 
in  TRAMP-C2  challenged  mice  via  tumor  growth  and  survival. 

Task  1:  Obtain  IACUC/ACURO  approval  for  planned  mouse  experiments  Status:  Complete 

Results:  We  requested  and  received  approval  for  the  planned  mouse  experiments  (20387-CR001). 


Institutional  Animal  Care  and  Use  Committee 


Date:  6  Apr  2016 

To:  Mmin 

MOLECULAR  MICROBIOLOGY  &  IMMUNOLOGY 

Diane  DaSilva .  PhD 

Assistant  Professor 

MOLECULAR  MICROBIOLOGY  &  IMMUNOLOGY 
From:  Institutional  Animal  Care  And  Use  Committee 

1 540  Alcazar  St,  CHP  234 
Los  Angeles  >  CA  90033 
(323)442-1689 


Title  of  Protocol:  LIGHT- in g  Up  Prostate  Cancer  for  Immunotherapy  (20387-CR001) 


The  IACUC  Committee  reviewed  and  approved  the  above  annual  renewal  on  4/6/2016. 


Sincerely, 

James  Welland,  Ph.D. 
Chair,  IACUC 


This  is  an  auto-generaled  email.  Please  do  not  respond  directly  to  this  message  using  the  "reply"  address,  A  response  sent  in  this 
manner  cannot  be  answered.  If  you  have  further  questions,  please  contact  the  IACUC  office. 


The  contents  of  this  email  are  confidential  and  intended  for  the  specified  recipients  only.  If  you  have  received  this  email  in  error, 

please  notify  istar@usc.edu  and  delete  this  message. 


Opportunities  for  training  and  professional  development: 

Nothing  to  report 

How  were  the  results  disseminated^  to  communities  of_  interest 

Nothing  to  report 
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What  do  we  plan  on  doing,  to  accomplish  our  goals  during,  the  next  reporting  period: 

Produce  and  validate  the  fusion  proteins  (complete  all  tasks  and  milestones  in  Aim  1.1  and  1.2).  After  this  is 
completed  we  will  carry  out  Aim  2.1  and  2.2  to  assess  the  optimal  treatment  concentrations  of  each  fusion 
protein  and  describe,  in  detail,  their  immunotherapeutic  functionality  through  the  usage  of  the  TRAMP-C2 
challenge  model  (complete  studies  outlined  Aim  2.1  and  2.2). 

IMPACT 

Impact  on  the  development  of  the  principal  discipline  of  the  project: 

Nothing  to  report 

Impact  on  other  disciplines : 

Nothing  to  report 

Ijripact  on  technology  transfer: 

Nothing  to  report 

Ijripact  on  society  beyond^  science  ancj  technology : 

Nothing  to  report 

CHANGES/PROBLEMS 

Changes  in  approach  and_  reasons  for  change: 

Nothing  to  report 

Actual  QL  anticipated,  problems  or  delays  ancj  actions  or  plans  to  resolve  therm 

We  do  not  anticipate  any  problems  with  the  planned  studies  including  fusion  protein  production  and 
studies.  We  are  extensive  experience  in  protein  production,  purification  ,  thus  we  are  capable  of 
addressing  any  unforeseen  issues. 

Changes  that  had  a  significant  irnpact  on  expenditures : 

Nothing  to  report 

Significant  changes  in  use  or  care  of  vertebrate  animal s,  biohazard s.  or  other  agents : 

Nothing  to  report 

PRODUCTS 

Publications : 

Nothing  to  report 

Websites  or  other  l_ ntemej  Sites: 

Nothing  to  report 
Technologies  or  techniques: 

Nothing  to  report 

Inventions .  patent  application s,  and/or  licenses : 

Nothing  to  report 
Other  products: 

Nothing  to  report 
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PARTICIPANTS  &  OTHER  COLLABORATING  ORGANIZATIONS 

Individuals  that  have  wod<ed  on  the  project: 


Name 

W.  Martin  Kast 

Project  role 

Principal  Investigator 

eRA  Commons 

wmkast 

Nearest  person 
month  worked 

1 

Contribution 

Oversaw  and  provided  guidance  in  projects  progression. 

Funding  Support 

NA 

Name 

Parkash  Gill 

Project  role 

Co-1 

eRA  Commons 

parkashg 

Nearest  person 
month  worked 

1 

Contribution 

Overseeing  generation  of  stable  protein  production  cell  lines  and  protein  validation 

Funding  Support 

NA 

Name 

Joseph  G  Skeate 

Project  role 

Graduate  student  researcher 

ORCID  ID 

0000-0002-1765-5949 

Nearest  person 
month  worked 

3 

Contribution 

Designed  and  cloned  the  scFv-EphB4-LIGHT  plasmid  construct,  IACUC  application 

Funding  Support 

USC  Keck  School  of  Medicine/USC  Graduate  School  PhD  Fellowship 

Name 

Binyun  Ma 

Project  role 

Postdoc 

eRA  Commons 

N/A 

Nearest  person 
month  worked 

1 

Contribution 

Responsible  for  generating  stable  protein  production  cell  lines  and  protein  validation 

Funding  Support 

NA 
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Changes  in  active  other  support  of  the  Pis  or  senior/kev  personnel  since  start  of  grant  awarch 

Nothing  to  report 

Other  organizations  that  are  Involved: 

Nothing  to  report 

SPECIAL  REPORTING  REQUIREMENTS 

Nothing  to  report 
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